Primer design and IRF gene amplification
A total of 26 pairs of primers (Table 1) for IRF gene sequencing were designed using Primer 5.0, according to the IRF6 gene sequence in GenBank (ACCESSION: NG_007081 VERSION: NG_007081.1, total 25218 bp). A 400-600-bp DNA region could be effectively sequenced using these primers. A total of seven primer pairs (Table 2) for sequencing the coding region were designed. The primers were synthesized by Shanghai Sangon Company.
PCR amplification for genomic DNA and coding region sequencing were carried out in 20 µL and 25 µL volumes, respectively, containing 2 × LA Taq buffer (5 mM Mg 2+ ), 2.5 mM dNTP mixture, 2.5 units of LA Taq DNA polymerase (TaKaRa), and 100 ng of genomic DNA. The final concentrations of each primer were 10 µM and 1 µM, respectively. The PCR was performed using a T GRADIENT PCR instrument (Biometra, Germany) with the following program: 94°C for 5 min; 35 cycles of 94°C for 40 s, 58-60°C for 50 s, and 72°C for 90 s; and a final extension at 72°C for 10 min.
IRF gene sequencing and analysis
The PCR product (3 μL) was taken and analyzed using 0.8% agarose gel electrophoresis on DYY-4C and DYCP-31DN systems (Beijing, China). The target products were purified with a GeneJET ™ Gel Extraction Kit (Fermentas, Thermo Scientific, USA), according to the manufacturer's protocol, and then used for sequencing on an ABI3730XL instrument (USA) at Shanghai Megiddo Biological Pharmaceutical Co., Ltd. The sequencing results were aligned with the IRF6 gene sequence in GenBank (ACCESSION: NG_007081 VERSION: NG_007081.1) (http:// www. ncbi. nlm. nih. gov/nuccore/160358359). CExpress software was used to assemble the IRF6 gene sequences. On-line analysis software NetGene2 (http://www. cbs. dtu. dk/services/NetGene2/) and Splice View (http://zeus2. itb. cnr. it/~webgene/wwwspliceview_ex.html) were used to analyze the sequencing results, including splice site analysis and coding region prediction (initiation codon ATG, and termination codons TAG, TGA, and TAA).
Analysis of IRF6 SNP
Pertinent IRF6 SNP profiles were obtained through http://www.ncbi.nlm.nih.gov/SNP/. SNPs of the IRF gene sequences in healthy residents of Guangdong Province were analyzed using MegAlign software (DNAstar V7.10).
locus is associated with NSCL +/-P in a northern Chinese population [8] , Asians, and Caucasians [9] . It can even be considered as a marker of CL/P severity [10] . However, the IRF6 rs642961 polymorphism is not a risk factor for NSCL/P in an Iranian population [11] . These studies suggest that the association of IRF6 genetic variation with the development of CL/P depends on ethnicity. CL/P is an incomplete dominant disease with genetic heterogeneity. Guangdong Province is representative of the southern provinces of China. Its unique geography and climate result in distinct characteristics in many diseases, including CL/P in this region. The IRF6 gene sequences of healthy residents of Guangdong Province can be used to study the association between IRF6 gene variation and CL/P in people from this region. Therefore, the aim of this study was to investigate the presence of sequence and SNP variation in the IRF6 gene in healthy residents of Guangdong Province. This is the first study to investigate the sequences and SNP characteristics of the IRF6 gene in healthy residents of Guangdong Province.
Methods

Ethics statement
This study was conducted in accordance with the principles stated in the Declaration of Helsinki and was approved by the Guangzhou Women and Children's Medical Center Ethics Committee. Written informed consent was obtained from each subject.
Sample Collection
Peripheral venous blood samples (3 mL) were collected from 13 healthy people, including 7 males and 6 females, who had fasted overnight. The criteria for selecting healthy subjects for this study were as follows: (1) All subjects belonged to the Han ethnic group and were native to Guangdong Province. There was no kinship among them. (2) No family history of CL/P. (3) No other congenital disease or malformation, or major organ disease.
Blood samples were stored at 4°C in tubes containing the anticoagulant EDTA-K2 (Huasheng Biotechnology Co., Ltd., Beijing). Genomic DNA was extracted from white blood cells using a kit for whole blood genomic DNA extraction (Xinjie Biotechnology Co., Ltd. Hangzhou), according to the manufacturer's protocol. 
SNP profiles of the IRF6 gene
We analyzed the SNPs of the IRF6 gene sequences in healthy residents of Guangdong Province by alignment using MegAlign software (DNAstar V7. 10). The results showed the presence of 65 SNPs in the IRF6 genes of 13 healthy residents of Guangdong Province (Table 3) , including 18 SNPs in 5ʹUTR and 10, 14, 1, 5, 3, 2, and 5 SNPs in introns 1, 3, 4, 5, 6, 7, and 8, respectively. There were a total of 7 SNPs in exons 2, 5, 7, 9, and 10. Two SNPs were found in the coding region. All variable sites had two alleles, including 39 transition sites (22 C/T and 17 G/A) and 26 transversion sites (7 C/A, 6 G/T, 10 C/G, and 3 A/T).
Results
Make-up of IRF6 genes
To determine the presence of sequence and SNP variation in the IRF6 gene in healthy residents of Guangdong Province, we sequenced the genomic and the coding regions of the IRF6 gene in white blood cell samples. The results showed that the IRF6 gene was 25016-25046 bp in length, with 45.21% GC content. The exons were 2215 bp in length, and the coding region was 1404 bp. There was a slight difference in the length of the introns due to the distinct length of the DNA repeat (Fig. 1) . TCAAACTTCTTCATT in seven samples ( Fig. 5A and 5B).
No clearly separated peak downstream of T was observed in five samples (Fig. 5C ). At site g. 21778 located in intron 8, the sequence CACACA was missing in five samples, aligned to the GenBank sequence that was found in eight samples (Fig. 6) .
The results also showed the presence of two different sequences through the alignment of the SNPs in the IRF6 genes of 13 samples. Most of the SNP sites (48/65) were located in these two different sequences. They were submitted to GenBank with access numbers HQ875393 (25046 bp) and JF346417 (25016 bp).
Five SNPs that had not been reported previously were observed. At site g. 3420 located in 5ʹ UTR, the sequence TACAAA was missing in eight samples, aligned to the GenBank sequence that was found in five samples (Fig. 2) . At site g. 4475 located in 5ʹ UTR, the sequence CAAGAAGC was missing in four samples, aligned to the GenBank sequence that was found in nine samples (Fig. 3) . At site g. 5527 located in intron 1, -76+339G>C (rs682461) was found in 13 samples aligned to the GenBank sequence (Fig. 4) . At site g. 12951-12965 located in intron 3, the sequence TCAAACTTCTTCATT was replaced with C in one sample, aligned to the GenBank sequence with g. NG_007081.1, 25218 bp) in GenBank. Moreover, our results are consistent with those reported by Ben et al. [12] . This is the first study to investigate the sequences and SNP characteristics of the IRF6 gene in healthy residents of Guangdong Province. A total of 65 SNPs were found in the IRF6 gene. Most of them (48/65) are located in two different sequences. Furthermore, there is a slight difference in the length of the introns due to the distinct length of the DNA repeat. It is likely that there are two distinct IRF6 gene sequences (HQ875393 and JF346417, GenBank) in healthy residents of Guangdong Province. Whether there is any difference in the sequences and functions of mRNA and protein from these two distinct IRF6 gene sequences, and whether they are associated with NSCL/P remain to be investigated.
Most SNPs found in the IRF6 gene sequences of healthy residents of Guangdong Province in the current study are NCBI dbSNP (http://www. ncbi. nlm. nih. gov/ SNP/snpblastByChr. html). While some well-studied SNPs such as rs642961 were not found in the healthy residents of Guangdong Province in the current study, some of the identified 65 SNPs have been reported to be predictors for risk of NSCL/P. For example, rs2235371 (g. 20400) AA and GA have lower risks of NSCL/P than GG genotypes in Asians, but these genotypes are not significant in Caucasians. rs2013162 (g. 15796)
SNP sites in the coding region of the IRF6 gene
Two mutation sites in the coding region were identified to be c. 459G>T and c. 820G>A. Transversion c. 459G>T occurred in the third nucleotide of the codon, e. g., TCG → TCT. Both TCG and TCT encode serine. Therefore, it is a silent mutation and there was no change in the protein sequence. However, the transition c. 820G>A occurred in the first nucleotide of the codon, e. g., GTC → ATC, leading to replacement of valine by an isoleucine (p. Val274Ile), which is a missense mutation.
Discussion
In order to study the association between IRF6 gene variation and CL/P in Guangdong Province, in the current study, we investigated the presence of sequence and SNP variation in IRF6 genes in healthy residents of Guangdong Province. We found that the IRF6 gene is 25016-25046 bp in length, with 45.21% GC content. The exons are 2215 bp in length, and the coding region is 1404 bp. There is a slight difference in the length of the introns due to the distinct length of the DNA repeat. The lengths of these sequences are consistent with the IRF6 sequence (ACCESSION: NG_007081 VERSION: 
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AA carriers have a significantly lower risk than CC carriers for Caucasians but not for Asians [9] . The IRF6 rs2235371 G/A haplotype increases the risk for oral cleft in a Brazilian population [13] . Genetic polymorphisms rs7545538 (g. 4867), rs2235377 (g. 9088), rs2235371 (g. 20400), and rs2235373 (g. 20677) of the IRF6 gene are associated with an increased risk of nsCLP in a Xinjiang Uyghur population [14] . In addition to the known SNPs, five SNPs in healthy residents of Guangdong Province, at sites g. 3420, g. 4475, g. 5527, g. 12951-12965, and g. 21778, have not been reported previously. These SNPs are located in 5ʹ UTR (2 SNPs) and introns 1, 3, and 8, respectively (Fig. 2-6 ). All variable sites have two alleles. Whether these newly found SNPs are related to CL/P remains to be investigated in a future study.
There are two SNPs in the coding region of the IRF6 gene in healthy residents of Guangdong Province: c. 459G>T, a silent mutation, and c. 820G>A. These mutations are different from the mutations c. 145C>T (p. Q49X), c. 171T>G (p. F57L), and 1306C>G (p. L436V), which were found in a Thai family with VWS [15] ; the mutations c. 251G>T (R84L) and c. 1271C>T (S424L), which were discovered in a Japanese family with PPS [16] ; and the frameshift mutations c. 568delG, c. 295G>A, and c. 1219T>C, which were observed in a Pakistani family with VWS [17] . However, the c. 820G>A mutation found in the residents of Guangdong Province results in the replacement of a valine residue with an isoleucine residue. This site is located in the SMIR domain and is commonly seen in 3% of healthy European and 22% of healthy Asian populations [1] . In addition, this mutation has been shown to be associated with NSCL/P in a western Chinese population [18, 19] . We speculate that this missense mutation is probably related to nonsyndromic CL/P in Guangdong Province.
A limitation of this study is the sample size, which may cause a biased result for the population of Guangdong Province. The precise frequency of genotypes, haplotypes, and association with nonsyndromic CL/P should be further investigated by including more samples.
Conclusion
The sequences and SNP profiles of the IRF6 gene in healthy residents of Guangdong Province are consistent with the one in GenBank but with slight variations. Our findings form a basis for further investigation of the association between IRF6 gene polymorphisms and CL/P in residents of Guangdong Province.
